Appropriate plant densities is a key for maximizing flax productivity due to its main role in fixing energy. Two field experiments were conducted at the Experimental Farm of Gemmeiza Agriculture Research Station, Agricultural Research Center (ARC), Egypt, during the growing seasons of 2011/2012 and 2012/2013 to study the response of some fax genotypes; Sakha 3, Giza 10, strain 22 and Sakha 2 to different plant densities; 1500, 2000, 2500 and 3000 plants/m 2 and their effect on seed and long fiber yields and its components. The experiments were carried out in a split-plot design with three replications. The main-plots were assigned to flax genotypes. The sub-plots were allocated to plant densities. The results showed that the studied flax genotypes significantly differed in all studied characters in both seasons, except number of fruiting branches in the first season only. Using flax plant density of 2500 plants/m 2 significantly recorded the highest values of all studied characters, followed by flax plant density of 2000 plants/m 2 , then 1500 plants/m 2 and lastly 3000 plants/m 2 in both seasons. It could be concluded that planting the genotypes Giza 10 and Strain 22 with plant density 2500 plants/m 2 in order to maximize straw and seed yields per feddan. While, for obtaining higher long fiber yield/fed, planting Sakha 3 cultivar with plant density 2500 plants/m 2 under the environmental conditions of Gemmeiza district, El-Gharbia Governorate.
INTRODUCTION
Flax (Linum usitatissimum L.) is one of the oil seed plants and demand for its valuable oil and fatty acids, is increasing all over the world. The seed contain 40-45% oil and 23-34 % protein. Besides it`s valuable oil, seed meal with high percent of protein 42-46 percent, is also used in the animal diet. Besides, fiber produced from flax is used in making high-grade paper, upholstery tow, insulating materials, rugs, yarn, linen, and other textiles. Hence, flax is a dual purpose crop that is grown for fiber and oil production. The gap between the production and local requirements increased because it is difficult to increase flax area due to great competition from other major winter crops. The gap could be minimized partly by increasing flax yield per unit area. To increase crop yields are needed agricultural practices aimed at maximizing yield per unit area through sowing high yielding genotypes with suitable plant density coming from appreciate seeding rate.
There are wide variations among fax genotypes in seed and fiber yields, yield components and fiber quality. Thus, choosing the best flax genotype is one of the most critical components of flax production. In this respect, Abd Eldaiem (2004) indicated that Sakha 2 variety produced the highest yields of seeds, while the highest fiber yield was obtained from growing Escalina flax variety. Abd Eldaiem (2008) reported that flax genotypes significantly differed in all studied characters. Sakha 1 cultivar gave the highest straw, seed and oil yields/fed. Whereas Herma and Marlin cultivars recorded the highest fiber yield compared to Sakha 1 cultivar. Al-Doori (2012) and Bakry et al. (2012) showed that flax crop genotypes significantly differed for all studied yield and it`s component. The highest number of capsules/plant, 1000-seed weight, seed and oil yield/ha were produced from strain genotype. Abd El- Mohsen et al. (2013) found that the two tested flax cultivars; Sakha 1 and Sakha 2 exhibited significant differences for almost traits. Wadan (2013) reported that the two tested cultivars; Sakha 1 and Sakha 2 exhibited significant differences for almost traits. Bakry et al. (2014) revealed that high significant difference among all flax varieties in all the studied characters. Letwania-9 and Evelen cultivars surpassed all other varieties in seed yield/fed. Blanka variety recorded the lowest values of straw yield/fed and biological yield/fed, while, Posna variety gave the lowest values of technical stem length. Gallardo et al. (2014) indicated that significant differences among flax Genotypes were found for all studied characters. The best seed yields were observed in Prointa Lucero and Carap´e INTA varieties. Bakry et al. (2015) reported that Sakha-2 variety significantly surpassed Amon variety in plant height, technical length, seed yield/plant, straw yield/plant, 1000 seed weight, seed yield/fed, straw yield/fed and fiber yield/fed. While, Amon variety surpassed Sakha-2 in fruiting zone length and number of capsules/plant. Plant densities is critical practice for determining the productivity of flax. Where, adjusting planting density is important tools to optimize crop growth and maximize seed yield and quality. Plant density influences modulating crop environment and help to improve disease avoidance, thus adjusting plant density is an important tool to optimize crop growth and the time required for canopy closure and to achieve maximum biomass and seed yield. In this concern, Casa et al. (1999) and Hassan and Leitch (2000) reported that plant height was increased by increasing seed rate per feddan while, stem diameter was decreased. Abd Elwahed (2002) and Kinber (2003) revealed that increasing seeding rate found to increase seed and straw yields/m 2 . On the other hand, straw and seed yields/plant were decreased by increasing seeding rate. Burton (2007) showed that sowing flax at a seeding rate of 30 or 45 kg/ha resulted in high straw and fiber yields without reducing other important characters such as seed yield. Abd El- Mohsen et al. (2013) pointed out that maximum seed, straw and fiber yields/ha were produced when seeding rate was 180 kg/ha. Delesa and Choferie (2015) indicated that significant effects of seed rates were observed on all yield components reflecting the importance of seeding rate for flax growth, yield and yield components. Emam and Dewdar (2015) showed that increasing seeding rate significantly increased straw and seed yields in most cases in both seasons. The favorable straw yield and its components (plant height, technical length, stem diameter and straw yield/plant) were observed when flax plants were applied with seeding rate of 2250 seed/m 2 . Therefore, this study was aimed to find out the response of some flax genotypes to different plant densities under the environmental conditions of Gemmeiza district, El-Gharbia Governorate.
MATERIALS AND METHODS
Two field experiments were conducted at the Experimental Farm of Gemmeiza Agriculture Research Station, Agricultural Research Center (ARC), Egypt, during the growing seasons of 2011/2012 and 2012/2013 to study the response of four flax genotypes to different plant densities and their effect on seed and Long fiber yields and its components.
The experiments were carried out in a split-plot design with three replications. The main-plots were assigned to the four flax genotypes i.e. Sakha 3, Giza 10, Strain 22 and Sakha 2. That genotypes were obtained from Fibers Research Section, Field Crops Research Institute, Agricultural Research Center, Giza, Egypt and its pedigree was shown in Table 1 . Each experimental unit area was 2 × 3 m occupying an area of 6.0 m 2 i.e. 1/700 feddan. The preceding summer crop was maize (Zea mays L.) in both seasons. Soil samples were taken at random from the experimental field area at a depth of 0 -30 cm from soil surface before the growing seasons to measure the physical and chemical soil properties as shown in Table 2 .
Flax genotypes were sown at the first week of November month in the two growing seasons by using broadcasting method at the different rates as shown in Table 3 to obtain studied plant densities. The mineral phosphorus fertilizer in the form of calcium superphosphate (15.5% P 2 O 5 ) at the recommended rate and mineral potassium fertilizer in the form of potassium sulphate (48.0% K 2 O) at the recommended rate were added before sowing and during seed bed preparation (after ploughing and before division).The mineral nitrogen fertilizer in the form of ammonium nitrate (33.5 % N) at the recommended rate was applied into two equal doses at 30 and 45 days from sowing, respectively. The common agricultural practices for growing flax according to the recommendations of Ministry of Agriculture were followed, except the factors under study. 
Studied characters:
At full maturity, ten guarded plants were taken at random from each sub-plot to be used in recording the flax yields components. Biological yield/fed, straw yield/fed, seed yield/fed and long fiber yield/fed were recorded from the whole sub-plot area basis. 1-Total plant height (cm). It was measured in cm from the soil surface up to the top of flax pant. 2-Technical length (cm). The length of main stem in cm from cotyledonary node to the lowest branching zone. 3-Stem diameter (mm). It was measured at the middle of technical length. 4-Number of fruiting branches. 5-Number of capsules/plant. 6-Number of seeds/capsule. 7-Straw yield/plant (g). As the total weight in grams of the air dried straw per plant after removing the capsules. 8-Seed yield/plant (g). 9-Biological yield (t/fed).
10-Straw yield/fed (ton). It was estimated from the rest area of each plot. 11-Seed yield/feddan (kg). 12-Long fiber yield/feddan (kg).
All obtained data were statistically analyzed according to the technique of analysis of variance (ANOVA) for the split-plot design as published by Gomez and Gomez (1984) by using MSTAT statistical package (MSTAT-C with MGRAPH version 2.10, Crop and Soil Sciences Department, Michigan State University, USA). Least significant difference (LSD) method was used to test the differences between treatment means at 5 % level of probability as described by Snedecor and Cochran (1980) .
RESULTS AND DISCUSSION

Genotypes performance:
The results indicated that studied flax genotypes i.e. Sakha 3, Giza 10, Strain 22 and Sakha 2 significantly differed in total plant height, technical length, stem diameter, number of fruiting branches, number of capsules/plant, number of seeds/capsule (Table 4) , straw yield/plant, seed yield/plant, biological yield/fed, straw yield/fed, seed yield/fed and long fiber yield/fed (Table 5 ) during 2011/2012 and 2012/2013 seasons, except number of fruiting branches in the first season only. It could be observed that Giza 10 cultivar surpassed other studied genotypes; Sakha 3, Strain 22 and Sakha 2 in total plant height, technical length, stem diameter, number of seeds/capsule, straw yield (g/plant), biological yield (t/fed) and straw yield (t/fed) during the two growing seasons. Whereas, Sakha 3 cultivar exceeded other studied flax genotypes in long fiber yield (kg/fed) only and came in the second rank after Giza 10 cultivar in total plant height, technical length, stem diameter, number of fruiting branches and number of capsules/plant in both seasons. It could be noticed that Strain 22 genotype exceeded Sakha 3, Giza 10 and Sakha 2 cultivars in number of fruiting branches, number of capsules, /plant, seed yield (g/plant) and seed yield (kg/fed) in both seasons. However, Sakha 2 cultivar came in the second rank concerning most yield characters (straw yield/plant, seed yield/plant, biological yield/fed, straw yield/fed and seed yield/fed) in the two growing seasons. The superiority of some flax cultivars in some growth, yields and its components might be related to genetic factors which resulted from genetic makeup relations for the cultivars. The obtained results of this study are partially agreement with those noticed and discussed by Abd Eldaiem (2008) Gallardo et al. (2014) and Bakry et al. (2015) .
Effect of plant densities:
The results showed that studied plant densities i.e. 1500, 2000, 2500 and 3000 plant/m 2 showed a significant effect on total plant height, technical length, stem diameter, number of fruiting branches, number of capsules/plant, straw yield/plant, seed yield/plant, biological yield/fed, straw yield/fed, seed yield/fed and long fiber yield/fed in both seasons, with exception stem diameter and number of fruiting branches in the first seasons only (Tables 4  and 5 ). It can be observed that planting flax with plant density of 2500 plants/m 2 significantly recorded the highest values of all studied characters i.e. total plant height, technical length, stem diameter, number of fruiting branches, number of capsules/plant, number of seeds/capsule, straw yield/plant, seed yield/plant, biological yield/fed, straw yield/fed, seed yield/fed and long fiber yield/fed in both seasons. Whereas, planting flax with plant density of 2000 plants/m 2 came in the second rank after planting flax with plant density of 2500 plants/m 2 and followed by planting flax with plant density of 1500 plants/m 2 with regard all studied character in the two growing seasons of this study. On the other hand, the lowest values of all studied characters were resulted from planting flax with plant density of 3000 plants/m 2 in the first and second seasons of this dissertation. These results may be due to the fact that individual plants at low plant densities adjust to low populations by increasing the vegetative growth and this support producing more accumulation of dry matter due to chlorophyll content, so increased branches and capsules per plant and other yield attributes. While, the individual plants at high plant densities may be exposed to considerable competition, which lead to reduction in vegetative growth and produce fewer branches, capsules and seeds per plant. Maximum yields of straw, seed and fiber per plant and unit area could be obtained at moderate plant density (2500 plants/m 2 ) possible due to early canopy closure, reaching maximum leaf area consequently increasing dry matter accumulation per unit area. These results are in partial agreement with those reported by Abd Elwahed (2002 ), Kinber (2003 , Abd El- Mohsen et al. (2013) , Delesa and Choferie (2015) and Emam and Dewdar (2015) .
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Effect of the interaction:
The interaction between flax genotypes and plant densities showed significant effect on most of studied characters during 2011/2012 and 2002/2013 seasons as presented in Tables 4 and 5. From obtained results graphically illustrated in Figs. 1, 2 , 3, 6, 8 and 9 show that the highest values of total plant height (cm), technical length (cm), stem diameter (mm), straw yield (g/plant), biological yield (t/fed) and straw yield (t/fed), respectively were obtained from planting Giza 10 cultivar with plant density 2500 plants/m 2 . The second best interaction treatments between both studied factors was planting Sakha 2 cultivar with plant density 2500 plants/m 
CONCLUSION
It could be concluded that planting Strain 22 genotype or Giza 10 cultivar with plant density 2500 plants/m 2 in order to maximize straw and seed yields per feddan. While, for obtaining the highest long fiber yield/fed, planting Sakha 2 cultivar with plant density 2500 plants/m 2 under the environmental conditions of Gemmeiza district, El-Gharbia Governorate. 
